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The planning of any engineering project requires information 
on land use, topography, soils, drainage, transportation, urban de­
velopment, and many other factors before actual location and design 
can be accomplished or field surveys undertaken. To obtain this 
preliminary information engineers surveyors, and planning com­
missions need maps. They need planimetric maps showing land use, 
or they need topographic maps having a contour interval of at 
least ten feet showing planimetric detail. Unfortunately, in numerous 
counties of Indiana and in the various cities of the state planimetric 
and topographic maps are seldom available or are obsolete. For 
example, of the 600 odd minute quadrangle sheets that are 
required for mapping the state of Indiana only about 130 maps 
were completed before January 1951 (10). Although 35 have been 
issued since that date, this great undertaking is still less than 30 
per cent complete. Furthermore, the cost and time required to 
prepare by field survey methods the different types of maps would 
deplete available funds and in all probability prevent the construc­
tion of the improvement or delay it for a long period of time.
In addition to the shortage of maps there is a shortage of engi­
neers for collecting and compiling information into maps. This 
shortage is especially felt by the county, city and state governments 
at a time when population is increasing; and, therefore, needs for 
water supply, sewage treatment, parking facilities, subdivision develop­
ment, highway development, traffic studies and other engineering 
studies are critical. Aerial photographs are a valuable source of 
basic map information to overcome the shortage of maps and also 
save time and money in numerous planning operations.
It is the purpose of this paper to discuss the characteristics of 
aerial photographs and to explain their use in the planning phases 
of engineering projects.
It is to be emphasized that aerial photographs will not eliminate
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ground survey methods. In fact they cannot be used without ground 
control; an aerial photograph is just a picture until it is measured, 
interpreted, oriented, and compiled into a map or photo map on 
the basis of information on ground control supplied by field surveys. 
Such a field survey may consist of previously measured lines, section 
corners, or bench marks that information is available on within 
the engineers office or it may consist of a series of soil borings that 
are logged and can be located on the photograph. Once oriented on 
the basis of ground control the aerial photograph becomes a map 
on which is compiled the greatest amount of detail on natural and 
cultural features that can be devised.
Fig. 1. Stereoscopic airphoto coverage of the State of Indiana.
PH O TO  COVERAGE
The State of Indiana was completely photographed prior to and 
during 1942 as shown on the left of Figure 1. These photographs 
were made for the Department of Agriculture in their crop acreage 
studies, and were taken at an approximate scale of 1-inch equals 
1,667 feet. Contact prints are available as well as enlargements at 
scales of 1,320, 1,000, 660 and 400 feet per inch. Several areas 
have been rephotographed since the war, especially during the 
years 1949 and 1950, as shown in Figure 1. They also are available 
at the scales previously mentioned.
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County airphoto coverage can be purchased at a cost of 45 
cents per contact print or a total cost of $90 to $150 depending 
upon the size of the county.* These pictures are valuable in the 
planning of highways, ditches and in various reconnaissance studies. 
Some engineers use them as an aid in land surveys. Section line 
roads and even offsets at township lines are readily discernible on 
the contact prints to aid in field location. The enlargements are 
necessary in urban studies and they range in price from $1.70 to 
$5.10 depending upon scale desired. Usually only three to seven 
enlargements are required for complete coverage of an urban area; 
therefore ,the cost is very low compared to the time saved and results 
obtained. It is advisable, before purchase of the airphotos, to secure 
a photo index sheet at a scale of one inch per mile (usual cost of 
$1.10 per sheet). The necessary stereoscopic coverage can be selected 
from the index sheet, and the number of enlargements determined.
In addition to the photos available from federal agencies, private 
photogrammetric companies have selected groups of airphotos avail­
able at various scales. Several cities have been photographed at 
large scales, and usually the negatives are filed and retained by the 
requesting agency. The largest amount of new stereo-coverage of 
Indiana that is available is shown on the right of Figure 1. These 
stereo-pictures were taken during 1952 at a scale of approximately 
1-inch equals 5,750 feet. County coverage is available at about 
25 cents per square mile or less.f The scale is small, but the photos 
can be of value in regional studies. For example, these photos might 
be used in preliminary location studies for the Indiana Toll Road. A 
regional view of terrain, rivers, road systems, urban areas, etc. can 
be obtained by the use of these small scale photos. An uncontrolled 
mosaic approximately 7 by 25 feet in size would contain an area in 
Northern Indiana nearly 35 miles wide by 150 miles in length. Such 
a mosaic would prove invaluable in planning sessions and discussions 
of various routes.
These photographs are also available as enlargements up to 
1-inch equals 1,000 feet at a cost ranging from 40 cents to 70 cents 
per square mile. The enlargements, when compared with earlier 
photos, will show changes that have taken place in land use. Also,
* Information is available from the Eastern Laboratory, Aerial Photo­
graphic and Engineering Service, Production and Marketing Administration, 
U. S. Dept, of Agriculture, Washington 25, D. C.
f  Information obtained from Jack Ammann Photogrammetric Engineers, 
Broadway at Tenth, San Antonio 5, Texas.
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they show where urban areas have expanded, and what natural or 
cultural obstacles limit expansion. They are valuable in planning one­
way streets, by-passes, and subdivision developments.
The Joint Highway Research Project has four pictures enlarged 
to 1,320 feet per inch embracing over 100 square miles surrounding 
Lafayette, Indiana. They also have one single enlargement, at a 
scale of 1,000 feet per inch, containing 25 square miles embracing 
the cities of West Lafayette and Lafayette as shown in Figure 2.
Fig. 2. Enlargement of a portion of a small scale photo to a scale of 1,000 
feet per inch. Photo contains about 25 square miles of area.
These photos have been used in several planning studies such as a 
study of the inadequacy of the bypass, reconnaissance of alternate 
routes, studies of growth trend of the city, and possible factory 
building sites.
The scales of the photographs previously mentioned may not 
be large enough for the particular planning program of a municipality.
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In many cases it is desirable to have 9-inch by 9-inch contact prints 
at a scale range of 800 feet per inch to 200 feet per inch. In most 
cases this requires new photography at a cost for a small city of 
around $1,600 to $2,500 per city (1). This photography has many 
advantages over the small scale photography previously mentioned. 
It is recent photography. It has the advantage that a four or five 
diameter enlargement can be obtained without loss of detail; thus, 
providing working scales of 200 to 50 feet per inch. Figure 3 illus-
Fig. 3. Top photos are contact prints at a scale of approximately 400 feet 
per inch. Bottom photo is an enlargement of a portion of the left photo to 
a scale of 100 feet per inch.
trates the detail recorded on airphotos at a taking scale of 400 feet 
per inch. The bottom photo of Figure 3 is an enlargement to a scale 
of 100 feet per inch of a portion of the left hand photo at the top 
of the illustration. Enlargements of recent photography are very 
valuable in studies of densely built up areas. Also, the contact aerial 
photos can be compiled into a controlled mosaic based on known or 
measured ground positions. The cost of mosaic preparation will add 
about ten to forty dollars per square mile to the original photographic 
cost depending upon compilation size and ground control available (1).
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If new photography is required, it is advisable for all agencies 
that will use the photos and photomaps to share in the cost so that 
adequate stereo-photo coverage will be available at large enough 
scales for all planning agencies. In the opinion of the writer, the 
most economical scales and the most useful scales are 1,000 or 800 
feet per inch for county coverage and 400 or 200 feet per inch for 
urban areas within the county. The negatives will become the 
property of the requesting agencies; therefore, prints can be sold to 
interested parties to recover some of the original cost.
The tremendous value of large scale stereoscopic photographs 
to various planning groups would appear to justify their cost, and 
also justify new photography five to eight years later. The photos 
can be used as an aid in the preparation of a comprehensive county 
or city plan (3) (6). The comparative coverage would be of value 
in parking studies, school building programs, subdivision develop­
ments, street layouts, and many other studies requiring a regional 
view of all features within a city or county.
CHARACTERISTICS OF AERIAL 
PHOTOGRAPHS
An aerial photograph is a pictorial representation of a portion 
of the earth's surface. When two aerial photographs are taken from 
slightly different positions a stereoscope can be used to view them, 
and a three dimensional view of that part of the earth’s surface can 
be obtained. This stereoscopic view is essential in the application of 
aerial photographs to engineering planning. At least 55 per cent 
overlap between adjacent pictures should be specified in the order 
or contract to insure stereoscopic coverage. The average overlap 
should be around 60 per cent for any flight strip with 25 to 30 
per cent sidelap between adjacent flight strips.
The average scale of an airphoto can be obtained by the ratio 
of airphoto distance to measured ground distance. If  measured 
ground distances are not known, the average scale of the photograph 
may be obtained by dividing the flying altitude above average ground 
by the focal length of the camera lens. The equation and space rela­
tionship for computing the scale of an airphoto is shown in Figure 4. 
It is apparent on the figure that the scale of any plane above or below 
datum will vary according to the elevation of that plane above or 
below datum. This variation should be considered in obtaining 
measurements on large scale airphotos or from enlargements.
Another factor to consider is the effect of relief displacement in 
measuring distances on airphotos. The geometry of relief displace-
124
Fig. 4. Scale factor equation and geometry of relief displacement. Scale 
varies with ground elevation. Relief displacement is less nearer the center 
of the photograph. Since the photo is a positive from the negative film 
it is simpler to picture it as being below the lens.
ment is illustrated in Figure 4. The photo center is the only point 
that is not affected by relief displacement. All other images on the 
airphoto are displaced radially from the photo center, and this 
displacement increases directly with the distance along the radial 
line and the elevation above datum. For example, a three-inch radial 
line measurement on an airphoto taken at 2,400 feet above datum 
would be in error by one-sixteenth of an inch for each 50 feet above 
datum while a four-inch radial line would be in error one-twelfth of 
an inch. By the judicious use of parallax measuring devices, such 
as a contour finder, spot elevations can be determined and image 
displacement corrections made in planimetric map compilation.
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In addition to relief displacement there may be errors in meas­
urement due to tilt of the camera while in flight. It is customary in 
requesting airphotos to specify that tilt be less than three degrees as 
an amount in excess will produce definite errors in measurement. 
Most of the photographs obtained from government agencies are
Fig. 5. Air photo taken in December. Notice long shadows. Dark tones 
indicate poorly drained areas.
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tilted much less than three degrees and, therefore, in most planning 
phases the effect of tilt can be ignored. Rectification of tilted photo­
graphs is a specialist operation and beyond the scope of this paper. 
If the engineer notices that two level streets known to be parallel 
converge on vertical photographs, then he should immediately suspect 
that tilt will void any measurement.
A characteristic of stereo-photos that is disconcerting at first is 
the exaggeration of relief due to stereo-vision. This factor is a com­
plicated feature dependent on flight altitude, focal length, overlap 
and focal length of stereoscopes. With experience the effect of the 
exaggeration will be compensated almost automatically in the mind’s 
eye. The stereo-exaggeration is, in reality, a desirable feature and is 
necessary in detailed photo study of relief, but estimates of slope 
and heights must be based on recognition of known objects within 
the vicinity, such as a house or tree, if close approximations are 
expected. This factor must also be considered in the selection of 
camera focal lengths to secure a particular scale. A 24-inch lens 
will give less exaggeration for a given scale than a 6-inch lens, and, 
in effect, the terrain will appear almost flat. This is undesirable in 
engineering studies and, therefore, lenses should be restricted to a 
range of six- to twelve-inch focal lengths.
Another important item to consider in using airphotos is the 
season during which the photos are obtained. Season affects photo 
tones, vegitation and shadows. Engineering studies are primarily 
interested in ground conditions and, therefore, photos should be 
obtained when trees are free from foliage as shown in Figure 5. 
Fortunately, this period is at a time when moisture conditions are at 
or near maximum and dark tones will tend to indicate areas of high 
moisture content and poor drainage as shown in Figure 5. Unfor­
tunately, the period is actually very short because it occurs at a 
time when the sun may have a declination of less than thirty degrees; 
therefore, very long shadows will obscure detail. Winter pictures 
of urban areas are of little value because of these long shadows. 
Winter pictures of rural areas are little affected by shadows unless 
wooded areas are dense. In dense forested areas shadows on winter 
pictures will obscure all detail even though there are no leaves on 
the trees. The ideal time to secure airphotos for engineering studies 
is late fall or early spring.
PH O TO  MOSAICS
One of the greatest advantages of airphotos is the area per­
spective obtained from assembling individual prints into a mosaic.
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Fig. 6. Uncontrolled mosaic compiled at original scale of 800 feet per inch 
of West Lafayette and vicinity.
This mosaic gives infinite details on natural and cultural features, 
and shows their relationship with each other. There are three types 
of photo mosaics that are of value to engineers and planning groups.
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The simplest type and easiest to construct is the uncontrolled mosaic 
as illustrated in Figure 6. This mosaic is assembled by matching 
image points on the overlap areas of pictures within a flight line and 
the sidelap areas of adjacent flight lines. This mosaic shows all 
features of a region, but accurate measurement of long distances is 
difficult due to scale variations. It does have an advantage in that 
by using every other print in mosaic preparation detailed stereoscopic 
study of the entire area is feasible. This type of mosaic can be used 
in regional planning. Alternate routes of new road locations can be 
analyzed on basis of obstacles, terrain, present road network, etc. 
Uncontrolled mosaics are also valuable in the interpretation of soils 
and in the preparation of drainage studies (13).
The second type is the semi-controlled mosaic. This assembly 
uses essentially the effective coverage of each photo, and is made 
by trimming the photos along fence lines, roads, woods and other 
features that will tend to hide a cut-line, and matching the cut-line 
with adjacent detail. The photos are not rectified for tilt and dis­
tortion, but they are matched to a few known ground distances. 
This mosaic gives a continuous picture of a large area, and measure­
ments are more precise than on the uncontrolled mosaic. Semi- 
controlled mosaics are used extensively by city planners (2).
The third type of mosaic, and one that is of great value in urban 
planning, is the controlled mosaic as illustrated in Figure 7. This 
particular mosaic was prepared from several airphotos to a scale of 
400 feet per inch. The assembly of a controlled mosaic requires 
skilled personnel and equipment for rectifying the airphotos. Ground 
control is a requirement as templates are prepared to match and 
extend the control (12). The photographs are matched to the 
templates eliminating as much distortion as possible. Since accurate 
measurements within compilation scale can be obtained from a con­
trolled mosaic the cost is often justified in urban area studies (12). 
A transparent overlay or overlays of the controlled mosaic can be made 
showing land use, parking facilities, fire districts, sewage systems, 
and water systems. Such overlays are valuable in public discussion 
or in planning sessions. Stereoscopic coverage of the mosaic might 
assist in separating residential, commercial, industrial, institutional 
and other districts for use in tax assessment studies (17) or origin 
and destination studies of traffic flow.
PHOTO READING
The use of aerial photographs and photo mosaics in engineering 











































and method of attack. By far the largest use is photo reading. Photo 
reading is simply the recognition of features observed on airphotos. 
No special training or background other than the ability to use a 
stereoscope is required to read photos in order to obtain information 
for use in various engineering studies. Most people readily recog­
nize trees, houses, roads, railroads, rivers, gullies and other familiar 
objects on airphotos as evidenced by a glance at the illustrations in 
this paper. Knowing the scale of the photos the photo reader can 
measure the size and determine the position of the various objects 
from known ground positions. By using a stereoscope to obtain a 
three-dimensional view the photo reader can determine the shape 
of the land surface. If  the study requires adjustment to topography 
as well as location with respect to certain cultural features, then the 
photo reader can select different routes or locations over a wide 
band of terrain recorded on the photos (16).
Photo reading is of value in the daily problems that arise in con­
nection with drainage (19) (23). A large scale photo mosaic and 
stereo-pictures will save time and money usually expended in field 
trips to investigate drainage problems (12). The airphotos will 
show all natural and man-made drainage ways within an area, and 
they can be easily recognized by the photo reader. This method of 
attack will be of benefit in the preparation of preliminary plans for 
new drainage facilities.
In urban area studies of street intersections, parking areas, or 
street locations, enlarged airphotos provide the photo reader with 
all detail pertaining to the situation (11) (20). Such pictures will 
not eliminate all field trips, but the engineer by studying the photos 
in the office can obtain a very clear and comprehensive view of the 
entire region. This study will enable the planning of field trips to 
secure the additional information that could not be obtained from 
the photos.
Photo reading is valuable in determining access routes, one-way 
streets, property for tax assessment, area of watersheds, and building 
layout and location. It also is of value in presentation to the public 
of information concerning engineering projects.
PHOTO IN TER PR ETA TIO N
Photo interpretation is another method of using airphotos in 
engineering planning. Photo interpretation is broader in scope than 
photo reading. It requires not only photo reading but logical deduction 
as to the cause or effect of features recorded on airphotos. Consider­
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able background or training is necessary to interpret the significance 
of the airphoto pattern. This technique is applied to soils evaluation, 
preliminary studies of highways and any other engineering study that 
involves the interrelationship between natural and cultural features 
over a large land area.
At previous Road Schools several papers have been presented 
on photo interpretative studies. In the technical journals there are 
papers on the mapping of engineering soils (13), the significance of 
drainage patterns (14), and the location of granular deposits (5). 
In each case photo reading has played a part, but, in addition, all 
features such as erosion, photo grey tones, topography, vegetation, 
man-made, and other elements of the airphoto pattern have been 
analyzed and evaluated.
Figure 8 is an example of a photo interpretation study in air-
Fig. 8. Airfield site selection study.
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field site selection. The problem was an evaluation of the present 
airfield and the selection of alternate sites if the present field should 
prove inadequate. An uncontrolled mosaic of the area was assembled 
using alternate prints so that the mosaic could be studied in stereo. 
Several factors had to be considered in the study. They included 
access, approach zones, obstacles, drainage, soils, suitability for 
expansion, and many other features. In the study all land forms 
were determined and a prediction of surface soil texture was made. 
These factors were also considered in the evaluation of possible sites 
for drainage requirements. By measurement it was determined that 
the present airfield, being situated between two major highways, 
was limited from the standpoint of suitability for expansion. The 
site also contained several obstacles and numerous low topographic 
positions that were subject to ponding. The problem then was to 
study the entire area for new sites that would meet the desired con­
ditions. Several sites were selected and studied in detail, and a report 
prepared discussing the characteristics of each site. A comprehensive 
photo interpretation study of an area can result in valuable informa­
tion on a large area in a minimum amount of time. Field studies 
will have to be carried out, but by the use of airphotos in regional 
studies such as site selection the field work will be kept to a minimum.
PHOTOGRAM M ETRY
The third class in which aerial photographs play a very im­
portant part in engineering planning is photogrammetry. Photo- 
grammetry is the science of making vertical and horizontal measure­
ments from photographs. This science is important in that it pro­
vides the engineer with much needed topographic maps as illustrated 
in Figure 9. This particular map was prepared at a scale of 100- 
feet per inch with a 2-foot contour interval to meet National Stand­
ards of Map Accuracy for both horizontal and vertical measurements. 
Photogrammetric companies compile these maps by the use of special 
stereoplotting machines that require only a few vertical and horizontal 
ground control points per stereo-model. The machine is used to 
extend the control and to draw contours. The companies can pre­
pare maps at 5-foot and 10-foot contour intervals, or for special 
studies or in urban areas they can produce 2-foot and 1-foot contour 
intervals. Figure 10 is an example of a topographic map of an urban 
area with a 1-foot contour interval prepared at a compilation scale of 
40-feet per inch.
A topographic map with 5-foot contour interval costs approxi­
mately $720 to $1,250 per square mile at a map scale of 200-feet per
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Fig. 9. Topographic map with 2-foot contour interval at 100 feet per inch 
prepared by photogrammetric methods. Courtesy of Jack Ammann Photo- 
grammetric Engineers).
inch (1). This cost varies with type of country, planimetric detail 
required, the amount of area to be mapped and the availability of 
ground control. City maps with a 2-foot contour interval cost ap­
proximately two and one-half times the above figure (1). This cost 
is much lower than if done entirely by field surveys (12) (17). The 
topographic maps can also be completed in about one-fifth the time 
(1 )-
Photogrammetry has greatly facilitated the location of express 
highways, turnpikes, large industrial buildings, and other projects 
which require extensive topographic information. The Indiana Toll
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Fig. 10. Photogrammetric topographic map of a portion of an urban area 
with a 1-foot contour interval at map scale of 40 feet per inch. Courtesy 
of Jack Ammann Photogrammetric Engineers).
Road will develop into the construction stage more rapidly because 
of the use of such time saving methods as photogrammetry. Photo 
reading and photo interpretation will also play a large part in the 
preliminary studies of such a large project as the toll road.
Aerial photographs and topographic maps prepared from them 
provide engineers with very valuable information for the solution 
of location problems (9). They are playing a very important part 
in the city engineer’s office and in the highway engineer’s office. When 
used they have saved time, and more than justified their cost (8). 
In the future photographs will be used more frequently because of 
the complete regional view obtained by stereo-study, the use of photo 
mosaic, and photogrammetric topographic maps. It is hoped that 
this paper will help the engineers and planning commissions in 
Indiana to better understand the use of airphotos so that they can 
benefit from the experience of others, and obtain maximum benefit 
from the use of airphotos in engineering planning. The use of air- 
photos and photogrammetric products will simplify the obtaining of 
basic data at a lower cost and to a greater degree of accuracy than 
obtained by numerous preliminary field surveys.
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